Partial Rootzone Drying (PRD) is an irrigation technique which offers a means of modifying the growth and development of crops through relatively simple changes to the method of water delivery. The technique causes the stimulation of physiological responses which are normally associated with water stress and this results in a significant reduction in water use through the production of chemical signals in drying roots. Partial drying of one half of the roots of plants grown with two root systems is rapidly translated into a reduction in transpiration and assimilation of all the crop leaves. The aim of this research is to examine and simulate the novel irrigation method (PRD), which would stimulate the endogenous stress response mechanisms of Conocarpus erectus trees in the pilot area of the Arabian Gulf University in Bahrain and wheat and maize crops in the Mashtul Pilot Area (MPA), Egypt using Saltmed model so that vigor is reduced and the efficiency of water use is enhanced. This is to be achieved by the manipulation of the hydration status of parts of a crop's roots that could be used to control vegetative vigor without detrimental effects on canopy water relations. The PRD technique is researched for wheat as a winter crop and maize as a summer crop in Egypt. The technique causes the stimulation of physiological responses which are normally associated with water stress and this results in a significant reduction in water use through the production of chemical signals in drying roots. The results confirmed an increase in irrigation water use efficiency using PRD comparing with conventional flood irrigation. The research highly recommends applying the PRD method in the Gulf Cooperation Council (GCC) countries and in new reclaimed areas in Egypt to save water and improve crop quality.
Introduction
Irrigation requirements are sometimes estimated from environmental data (pan evaporation, soil moisture reserves and rainfall) and crop factors. Crop factors are multipliers which reflect the water requirement of a particular crop at different times of the year and depend on variables such as canopy area and stage of growth. They can vary by a factor of five and the success of this method of determining irrigation input is very much dependent on the use of realistic crop factors. In determining these factors, little thought is given to internal physiological changes in the plants which may substantially influence their efficiency of water use in the short term. For example, it has been known for a long time that water deficits will induce changes in the gas exchange characteristics of a plant which results in reduced water loss. Such a decrease in water use would obviously be an advantage if it could be achieved without detriment to the crop or any other aspects of crop performance [1] . However, to get the plant to exhibit these changed characteristics, it would normally be necessary to induce a degree of water deficit. This may be difficult to achieve in a controlled way and furthermore, the plant will recover over a period of time, making repeat water deficit events necessary for a sustained effect. This may be possible, but difficult to achieve in practice, and it is known that sustained water deficits usually result in a reduction in fruit yield. Ideally it would be desirable to separate the positive effects of water deficits (improved water use efficiency and reduced allocation of resources to vegetative growth in comparison to fruit growth) from the negative effects such as reduced crop yield.
PRD, as the name suggests, is the creation of simultaneous wet and dry (or drying) areas within the root zone. Only part of the root zone is irrigated and kept moist at any one time. PRD is implemented by irrigating one side of the plant row and allowing the other side to dry out. The irrigations are then alternated to the dry side after a set period of time and then back and forth thereafter the same period of time. If only part of the root system dried and the remaining roots were kept well watered, chemical signals produced in the drying roots reduced stomatal aperture. At the same time, the fully hydrated roots maintained a favorable water status throughout the aerial parts of the plant. In other words, it was possible to separate the biochemical responses to water stress from the physical effects of reduced water availability. In addition to reduced stomatal conductance, it is noted that shoot extension is also inhibited. A surprising finding is that the effect is temporary, and despite the fact that part of the root system remained dry, stomatal conductance, photosynthesis and growth returned to pre-treatment levels within a few weeks [2] 
Case Studies

Experimental Pilot Area, Arabian Gulf University, Bahrain
In the arid region countries where water resources are scarce and where agriculture sector consumes more than 80% of the total water resources, improving water use efficiencies would be the key to ensure food security in the region.
Most of the area of the GCC countries is situated in an extremely arid zone.
Groundwater is a vital and essential source for all water use sectors, where groundwater dependency ratio in the GCC countries averages about 75%. At present, groundwater in the GCC countries are used extensively for irrigation purposes, experiencing over-exploitation and quality deterioration. Water scarcity is a key constrain facing the GCC agricultural sector which consumes more than 80% of the total water resources. In the face of rapid population growth and economic expansion, food security is presenting itself as an increasingly pressing policy concern in the GCC. Arid conditions in the GCC countries act as a natural constraint for expansive agriculture. Efforts to maintain a balance between scarce water and land resources and pursue domestic agriculture have prompted the introduction of modern water-saving irrigation techniques.
This study aimed to stimulate the endogenous stress response mechanisms of the plant so that vigor is reduced and the efficiency of water use is enhanced.
The field was cultivated by Conocarpus erectus trees and data were collected.
Only part of the root zone was irrigated and kept moist at any one time. PRD was implemented by irrigating one side of the tree row and allowing the other side to dry out. The irrigations were then alternated to the dry side after a set period of time and then back and forth thereafter the same period of time. This was achieved by the manipulation of the hydration status of parts of tree's roots which used to control vegetative vigor without detrimental effects on canopy water relations. If only part of the root system dried and the remaining roots were kept well watered, chemical signals produced in the drying roots reduced stomatal aperture. At the same time the fully hydrated roots maintained a favorable water status throughout the aerial parts of the tree. In addition to reduced stomatal conductance, it was noted that shoot extension is also inhibited.
A surprising finding was that the effect is temporary, and despite the fact that Journal of Agricultural Chemistry and Environment 
Mashtul Pilot Area, Egypt
The field work was carried out in the Mashtul Pilot Area (MPA). MPA was constructed in 1980 in south-eastern part of the Nile Delta [5] . It is situated 90 km northeast of Cairo in a rather flat area. The area is approximately 260 feddans. Table 1 
Method and Materials
The SALTMED model [7] [8], which was designed to be, generic, physically based, friendly to use and to include a number of physical processes acting si- 
Results and Discussion
Applying irrigation management by using regulated deficit irrigation and sub- (Table 2 ). The high yields have been traditionally achieved by using surface irrigation. Table 2 The chemical brings about physiological changes that reduce water lost from leaves through evapotranspiration. In addition to water saving, PRD has also been showed to have beneficial effects on the nutrient uptake of wheat and maize crops compared with STD. The modeling results of this research are summarized below:
• Compared to fully irrigated crops, leaf evapotranspiration was reduced.
• The effect of PRD on trunk growth was significant on both crops.
• Physiological changes associated with the release of the stress related chemical were observed.
• The PRD treatment reduced water application rates by 32% and 30% for wheat and maize respectively.
Compared to flood irrigation, PRD treatment increased water productivity by 7% and 12% respectively and showed a reduction in crop yield by 27% and 18% respectively.
Conclusion
As PRD irrigation is in the research phase, further experiences are needed to evaluate economical advantages of PRD irrigation. PRD was very useful and significant step forward in improving the water productivity of some Conocarpus erectus trees. While there were some risks of water stress to some trees, with careful soil water monitoring these risks was minimized. Satisfactory implementation of deficit water strategies in warm seasons (periods with high levels of water evaporation) required responsive watering systems and soils with high infiltration rates. The results showed that more experimental research areas should be designed to the practical application and longer term consequences of the proposed irrigation method. Food security requires production of more crops per water drop. The results showed that, saving in water is significant (~30%) which means 30% food more can be produced. It is recommended to apply the PRD irrigation method in many experimental areas with different soil types and crops to validate the method. In terms of economic positional impact, the research (with efficient irrigation systems) highly recommended applying the PRD method in the GCC countries to save water and improve crop quality. Further research is needed to gain a better understanding of how this technique affects A. A. El-Sadek et al.
